Background: Docetaxel (Taxotere Ò )-based regimens are the new standard therapy in advanced hormone-refractory prostate cancer (HRPC). A synergistic activity has been shown with docetaxel in combination with estramustine in vitro; however, the benefit of this combination remains controversial in clinical practice. We assessed the activity and safety of docetaxel alone and docetaxel-estramustine in HRPC.
introduction Prostate cancer is a major health issue, with 230 000 cases and 29 900 deaths in 2004 in the United States [1] . Treatment options for metastatic hormone-refractory prostate cancer (HRPC) are limited. Until recently, the standard therapy was mitoxantrone plus steroid, which relieves symptoms [2, 3] and improves time to tumor progression (TTP) compared with steroid alone [3, 4] but has no impact on overall survival (OS).
Single-agent docetaxel has reproducible activity against prostate cancer, both in xenograft models [5] [6] [7] and in clinical trials [8] . In phase II studies, docetaxel given either weekly or every 3 weeks achieved reductions in prostate-specific antigen (PSA) levels ‡50% in 38%-48% of patients [9] .
Estramustine interferes with microtubules and has synergistic activity in vitro with other microtubule-binding agents including taxanes [5, 6, 10] . Additionally, in some preclinical models of prostate cancer, the activity of docetaxel in combination with estramustine was higher than with estramustine alone. Noncomparative clinical studies of single-agent estramustine in HRPC demonstrated response rates ranging from 19% to 69%-similar to those achieved by conventional anticancer agents [11] . Estramustine is associated with an increased risk of cardiovascular events; however, this may be prevented by prophylactic anticoagulation therapy [12] .
Phase I/II studies of docetaxel in combination with estramustine for HRPC [12] [13] [14] [15] [16] [17] [18] have reported relatively high response rates compared with studies of single-agent docetaxel. Overall, 45%-92% and 30%-58% of patients receiving docetaxel-estramustine achieved PSA reductions >50% and 75%-80%, respectively. Safety was acceptable and 53%-86% of patients had improved symptoms. In two phase III studies conducted concomitantly with the present study, docetaxel combined with either estramustine or prednisone significantly prolonged OS compared with standard mitoxantrone plus prednisone [19, 20] . Docetaxel-based regimens have subsequently become a standard treatment of HRPC.
This study was conducted to evaluate the activity and safety of docetaxel alone or in combination with estramustine in HRPC.
patients and methods eligibility
This was a randomized, multicenter, open-label phase II trial. Eligibility criteria included histologically proven adenocarcinoma of the prostate, progressive metastatic disease despite androgen deprivation [with cessation of antiandrogen treatment by at least 4 weeks (6 weeks for bicalutamide)], World Health Organization (WHO) performance status £2, adequate bone marrow, renal, and hepatic function [neutrophils ‡1.5 · 10 9 /l, platelets ‡100 · 10 9 /l, hemoglobin ‡10 g/dl, serum creatinine £1.5 · upper normal limit (UNL), bilirubin £UNL, alanine aminotransferase (ALT) and aspartate aminotransferase (AST) £1.5 · UNL], and written informed consent. Prior radiation therapy and surgery were to have been completed at least 4 weeks before study entry. Patients were to have received one previous hormone therapy, on the basis of surgical or medical [luteinizing hormone-releasing hormone (LH-RH) agonist] castration with or without antiandrogen therapy. Treatment with an LH-RH agonist was to be continued during the study.
Hormone resistance was defined as tumor progression while on androgen suppression. Tumor progression was defined as clinical or radiologic disease progression or two consecutive increases in PSA values (V2 and V3) of ‡5 ng/ml compared with a reference PSA value (V1, measured 4-6 weeks after antiandrogen withdrawal). If V3 was less than V2, a fourth PSA measurement (V4) was made. Measurements of PSA were conducted at ‡7-day interval. The last value was required to be ‡20 ng/ml and measured within 14 days of study treatment initiation.
Ineligibility criteria were prior chemotherapy, isotope treatment (e.g. strontium, samarium), or radiation therapy involving >25% of bone marrow; history of another cancer (except adequately treated basal-or spindle-cell skin cancer or other cancer treated with a curative intent by surgery and/or radiation therapy >5 years previously); brain or meningeal metastases; National Cancer Institute-Common Toxicity Criteria (NCI-CTC) grade ‡2 peripheral neuropathy; severe concomitant medical conditions; participation in another clinical trial within 30 days before study entry; and allergy to polysorbate 80. Concomitant /l on day 1, grade 3 or 4 non-hematologic toxicity (except nausea or vomiting without appropriate premedication and skin reactions), grade 2 peripheral neuropathy, AST/ALT >1.5 · UNL, or bilirubin >UNL. The patient was to be withdrawn from the study if toxicity persisted despite two dose reductions or did not resolve within 2 weeks. Blood cell counts were taken every 3 weeks and more frequently in the event of toxicity. Nadir values were not collected. Warfarin 1 mg/day was administered orally as prophylaxis for estramustine-related thromboembolism. In the event of thromboembolism, estramustine was to be stopped and docetaxel treatment alone continued.
Treatment was continued until documented progression, patient request, unacceptable toxicity, lack of toxicity recovery by day 35, or completion of six cycles. More than six cycles were permitted in patients considered to be benefiting from treatment at the investigator's discretion. Levels of PSA were determined at baseline (within 14 days before treatment initiation), every 3 weeks (before the start of each cycle), at treatment discontinuation, and every month until documentation of tumor progression or start of another chemotherapy. All PSA measurements in a given patient were to be performed in the same laboratory.
study endpoints
A PSA response (primary endpoint) was defined as a decrease in the serum PSA level of ‡50% from baseline that was maintained for ‡3 weeks in accordance with the consensus guidelines of the PSA Working Group [21] . Secondary endpoints were PSA response duration, objective tumor response rate, TTP, OS, pain control, quality of life (QoL), and safety. The PSA response duration was the time between the first and last evaluations during which criteria for a PSA response were met. If the PSA response and progression criteria were not met, a patient was considered to have stable PSA.
When the protocol was initially written, measurable disease response was determined according to the WHO guidelines for complete response (CR), partial response (PR), stable disease, and progressive disease. Objective responses were confirmed by two measurements ( ‡4 weeks apart). Lesions were to be evaluated by the same radiologic technique every three cycles and then every 3 months until documented progression. Lesions were categorized as bidimensionally measurable (all target lesions ‡20 · 10 mm with well-delimited outlines) or unidimensionally measurable ( ‡20 mm with only one measurable diameter). Briefly, a CR required complete disappearance of all measurable sites of disease. The PR consisted of a 50% greater reduction in the sum of the products of the two largest diameters of bidimensionally measurable lesions, or in the sum of the largest diameter of unidimensionally lesions.
Progression was defined as anyone of the following events: (i) an increase in the PSA level ‡50% for responding patients or ‡25% for nonresponding patients (and an absolute increase ‡5 ng/ml), confirmed by a second measurement; (ii) an increase ‡25% in the sum of the products of the two largest diameters of bidimensionally measurable lesions or of the largest diameter of one unidimensionally measurable lesion; (iii) progression of a nonmeasurable lesion (except bone); and (iv) development of new lesions, including new suspicious lesions on bone scan. Measurements were compared with the lowest value achieved by the patient during the study.
Adverse events and laboratory variables were assessed according to NCI-CTC version 2. Pain was assessed at baseline and at the end of each cycle/beginning of the following cycle using multidimensional verbal scales ranging from 0 (no pain) to 4 (extreme pain) and from 0 (no analgesics) to 4 (use of morphine analgesics). A positive pain response was defined as decreased (by at least one point) pain and analgesic consumption, decreased pain and stable analgesic consumption, or stable pain and decreased analgesic consumption. QoL was assessed using the Functional Assessment of Cancer Therapy-Prostate (FACT-P) questionnaire [22] , adapted to prostate cancer, which was completed by patients before randomization, before each treatment cycle, and monthly after study treatment discontinuation.
statistical analysis
Randomization was performed centrally using a permuted-block design, with stratification by center. The number of patients to be included was calculated using a Simon's two-step minimax design. The statistical hypotheses were a risk = 0.05, b risk = 0.20, maximum inefficacy response rate (P 0 = 30%), and maximum efficacy response rate (P 1 = 50%). Consequently, a total of 19 patients per arm were to be enrolled in the first step. PSA response was determined as a descriptive primary endpoint. If £6 of the 19 patients were responders, the study was to be stopped for lack of efficacy; if >6 were responders, 20 additional patients were to be entered. Treatment would be considered effective if >16 out of the total 39 patients responded. Assuming 15% of patients would be nonevaluable, a total of 90 patients were required.
Statistical analyses were descriptive. No statistical comparison between the two arms was planned for PSA response. Time-to-event data were estimated by the Kaplan-Meier method. The FACT-P scores were compared between treatment arms at baseline and at cycles 2, 4, and 6. Changes in QoL from baseline were analyzed by covariance analysis with repeated measures of trial outcome index. Global pain response was determined by (i) decreased pain plus decreased or stable analgesic consumption or (ii) stable pain plus decreased analgesic consumption. (Table 1) . Patient characteristics at baseline were generally well balanced, although patients in the DE group had a shorter time from diagnosis to randomization (28.7 versus 38.5 months), a higher baseline PSA level, and more involved organs (Table 1) . Twenty-three percent of patients had anemia and 18% had low serum albumin at study entry. In the DE and D groups, respectively, 38% and 37% of patients were using morphinic analgesics and 29% and 24% of patients were not taking any analgesics at baseline. In addition to the DE patient who did not receive study treatment, a further 14 patients (DE: 5, D: 9) were not eligible: mainly owing to inadequate documentation of PSA progression or baseline PSA <20 ng/ml (Table 2 ). Of the 91 treated patients, 69 (76%) completed six or more cycles. Eight (9%) patients received more than six cycles, five of whom had a PSA response.
clinical efficacy
In the ITT population, a PSA response was observed in 68% [95% confidence interval (CI) 55% to 81%] and 30% (95% CI 16% to 43%) of patients in the DE and D groups, respectively (Table 3 ). According to the initial hypothesis, treatment would be considered effective if >16/39 patients (41%) had a PSA response. Hence, the primary endpoint was met in the DE group but not in the D group. The proportion of patients with a PSA response ‡75% was 36% and 16%, respectively. Of the patients who were eligible and evaluable for a PSA response, a response occurred in 74% and 38% of patients in the DE and D groups, respectively. After a median follow-up of 17.7 months (range 0.4-37.4), the median PSA response duration was 6.0 months in both groups (Table 3) .
Among the 40 patients with measurable lesions, four DE patients (18%) had durable objective tumor responses lasting 6.9, 7.5, 8.3, and 12.7 months and three D patients (17%) had responses lasting 5.9, 7.5, and 9.3 months (all responses were partial). One patient in each group had an objective tumor response without a concomitant PSA response.
The median TTP was 5.7 months (95% CI: 4.7-6.8) in the DE group and 2.9 months (95% CI: 2.0-6.9) in the D group (Table 3 and Figure 1 ). The probability of being progression free at 6 months was 45% and 31% in the DE and D groups, respectively. Twenty-nine patients were alive at the cut-off date Figure 2 ). One-year survival was >60% in both arms. At cycle 1, 54% and 46% of patients, in the DE and D groups, respectively, had a positive pain response.
toxicity
The incidence of treatment-related grade 3 or 4 adverse events was low in both groups (Table 4) . One patient (2%) in each group experienced febrile neutropenia, but no cases of neutropenic infection were reported. The most frequent nonhematologic adverse events were fatigue, nausea, and alopecia, with a similar incidence between groups (Table 4) . Three patients (6.4%) in the DE group experienced phlebitis, which was possibly attributed to estramustine. Severe (grade 3 or 4) non-hematologic toxic effects included one case each of functional renal failure secondary to vomiting and diarrhea, hypersensitivity reaction to docetaxel, and fatal acute pulmonary edema (relation to study treatment uncertain). Five deaths occurred within 30 days of last study treatment: one (D group) due to acute pulmonary edema possibly related to study treatment and four (DE: 1, D: 3) not related to study treatment. Two patients discontinued treatment due to toxicity: one in the D group with previously mentioned pulmonary edema and one in the DE group with prolonged grades 1-2 thrombocytopenia.
quality of life
Seventy-six questionnaires (83% of the randomized population) were collected and evaluable at baseline. The analysis was performed on 72 patients (79% of the ITT population) who had at least one baseline and one postinclusion evaluable questionnaire. There was a nonsignificant trend toward improved QoL from baseline, and QoL between the two groups was similar.
discussion
In this randomized phase II study in patients with metastatic HRPC, a PSA response ‡50% was achieved by 68% of patients receiving DE and 30% of patients receiving single-agent docetaxel. Median TTP (DE: 5.7 months, D: 2.9 months), median survival (DE: 19.3 months, D: 17.8 months), and the proportion of patients with a PSA response ‡75% (DE: 36%, D: 16%) also favored the DE group. While phase III trials should aim to demonstrate improvements in survival, or in QoL or symptom control, PSA response and PSA TTP are appropriate outcome measures to demonstrate evidence of biologic activity in phase II trials. Therefore, our phase II study was not powered to detect a statistically significant difference in survival. Objective response rates, PSA response duration, pain control, and QoL were similar in both groups. Imbalances between the two groups were present at baseline with respect to time from diagnosis, PSA level, and organ involvement; however, these favored the D group and thus do not appear to have changed the study outcome.
The results of our study are consistent with several nonrandomized studies of DE [12] [13] [14] [15] [16] [17] [18] and single-agent docetaxel [8] , and two large randomized phase III studies of docetaxel combined with either estramustine for the Southwest Oncology Group protocol 9916 (SWOG 9916) [19] or prednisone for the TAX 327 study [20] . In the SWOG 9916 study [19] , DE achieved a PSA response rate of 50% and a TTP of 6.3 months. It is notable that, in the SWOG study, the docetaxel dose (60 mg/m 2 ) was lower and the estramustine dose (280 mg three times daily) was higher than in our study. In the TAX 327 study [20] , docetaxel-prednisone achieved a PSA response rate of 45% and a median PSA response duration of 7.7 months. It is of interest to note that the PSA response rate in the docetaxel monotherapy arm in our study was lower than the response rate for docetaxel-prednisone in the TAX 327 study. Patient characteristics were similar in the two studies; therefore, this difference may be related to the lack of continuous administration of prednisone in our study. Importantly, both the SWOG 9916 and TAX 327 studies showed a significant improvement in OS with a docetaxelbased regimen given every 3 weeks compared with standard mitoxantrone plus prednisone. Median OS was 17.5 and 18.9 months for docetaxel combined with either estramustine or prednisone, respectively, compared with 19.3 months for DE in our study. Results consistent with the present study were also reported for a phase II study, in which docetaxel 70 mg/m 2 every 3 weeks plus estramustine 280 mg three times daily for 5 days and prednisone 10 mg daily achieved a PSA reduction ‡50% in 67% of patients and a median survival of 18.6 months. The TTP (8.8 months) was slightly higher than in our study [23] .
Treatment was well tolerated and the incidence of grades 3-4 adverse events was low in both groups. Patients received prophylactic anticoagulation with warfarin and the incidence of cardiovascular events was acceptable (2.1% grades 3-4 phlebitis in the absence of other events). However, no prophylactic anticoagulation therapy was planned in the SWOG 9916 study [19] in which 14.2% of patients had grades 3-4 cardiovascular Some adverse events characteristic of docetaxel therapy, including diarrhea, nonneutropenic infection, peripheral edema, and nail disorders, occurred more frequently in the DE group-despite the lower docetaxel dose-than in the D group. Hence, estramustine may enhance both the efficacy and toxicity of docetaxel. However, excess grades 3-4 adverse events were not observed in the DE group. In the SWOG 9916 study [19] , the incidence of grades 3-4 adverse events with docetaxelestramustine was markedly higher than in our study (55.8% and 14.9%, respectively). This may be explained by the lack of prophylactic anticoagulation and relatively high estramustine dose in SWOG 9916 (280 mg three times daily) compared with our study (280 mg twice daily). Historical comparisons suggest that estramustine b.i.d. may provide the same activity with better tolerability than a three-times daily regimen; however, in one study, the three-times-a-day regimen was associated with a low incidence of grades 3-4 adverse events [23] .
Some patients in our study continued treatment despite PSA or objective tumor progression. This may be beneficial in terms of tumor-related symptom relief and reflects the lack of effective treatment options for patients with HRPC.
Another study has also compared the same treatment regimens as assessed here, and preliminary findings have been reported [24] . In this Italian multicenter phase II study, 95 patients were randomized [24] . The DE combination showed promising efficacy: PSA response rate was 70% and 43% in the DE and D arms, respectively, and PSA TTP was 31 and 20 weeks, respectively. Although it is not possible to compare two randomized phase II studies statistically, the benefit of the DE combination over D alone [24] appears to be consistent with that reported here. The beneficial role of estramustine for HRPC has been supported by a recent meta-analysis [25] . A total of five randomized trials were identified in which 610 patients with HRPC were assigned to chemotherapy with or without estramustine [25] . This systematic review reported that the addition of estramustine to chemotherapy with antimicrotubule agents, including taxanes, vinblastine, and ixabepilone, had a positive and significant effect, resulting in increased OS [hazard ratio = 0.82 (95% CI: 0.69-0.97); P = 0.02] [25] .
In conclusion, docetaxel 70 mg/m 2 plus estramustine 280 mg twice daily for 5 days, every 3 weeks, is an active and well-tolerated treatment option for patients with HRPC and increasing PSA levels despite effective castration. The favorable PSA response rate, TTP, and impact on pain palliation support the recommendation of DE as a therapeutic option for metastatic HRPC. A phase III trial would be required to confirm the benefits of docetaxel-estramustine over docetaxel alone.
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